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TITLE OF THE INVENTION 

Semiconductor Device 
BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a semiconductor device, and more 

particularly, it relates to the shape of a margin part of a gate electrode forming a 
MOS transistor which is provided on an active area having a concave part. 
Description of the Background Art 

A semiconductor device formed by MOS transistors is generally provided 

10 with an insulating film which is formed to enclose an active area (element forming 
region) for electrically isolating this active area from other ones. The gate 
electrode of each MOS transistor provided on the active area is formed over the 
active area and the insulating film to divide the active area, thereby electrically 
isolating source/drain regions formed on both sides of the gate electrode from each 

15 other. 

Fig. 29 shows a part of an active area and gate electrodes which are 
formed on this active area. Referring to Fig. 29, the active area 1 has a concave 
part on its corner portion in a shape along a plan view. In other words, the 
concave part partially reduces the width of the active area 1. An insulating film 7 

20 encloses the active area 1. The gate electrode 3 is so formed that its end portion 
reaches an upper portion of the insulating film 7 on the concave part, while the gate 
electrode 2 is so formed that its end portion reaches an upper portion of the 
insulating film 7 in a portion other than the concave part. 

The parts of the gate electrodes 2 and 3 reaching the upper portion of the 

25 insulating film 7 are referred to as gate end caps, and x represents the length 



thereof. The gate end caps are set as margin parts (gate parts extending beyond 
the active area 1) in the layout design phase so that the length of the gate electrodes 
2 and 3 are not smaller than the span of the active area 1, and the length x thereof is 
uniformly set for all gate electrodes as that from an edge portion of the active area 
5 1 on design. This length x is so set that the forward end portions of the gate 
electrodes 2 and 3 are not located on the active area 1 even if the same are rounded 
due to corrosion by etching or the like to partially reduce the gate length. 
Source/drain regions SDA and SDB are formed on both sides of the gate electrode 
3. While still another source/drain region is formed on a side of the gate electrode 

10 2, symbol therefor is omitted in Fig. 29. 

Such a gate end cap is defined as a part between an endmost portion of 
each gate electrode and an edge portion of the active area. When two active areas 
are formed separately from each other and a single gate electrode is formed to 
extend over these two active areas, therefore, the gate electrode is provided on an 

15 insulating film between the two active areas. However, no gate end cap is present 
on this portion, due to absence of an end portion of the gate electrode. 

While such a gate electrode has an end portion on its pad part provided 
with a contact hole or a via hole or directly connected to a wiring layer, no gate end 
cap is present on (required for) this part. 

20 The active area 1 has a concave part when provided with an AND-NOR 

gate CIO shown in Fig. 30, for example. Referring to Fig. 30, an AND part CI is 
supplied with input signals II and 12, while a second input of a NOR part C2 is 
supplied with an input signal 13. 

Fig. 31 shows the transistor level structure of the AND-NOR gate CIO. 

25 The AND-NOR gate CIO comprises P-channel transistors Ql and Q2 having 



source electrodes which are connected to a power source VDD in common, a 
PMOS transistor Q3 having a source electrode which is connected to drain 
electrodes of the P-channel transistors Ql and Q2, NMOS transistors Q4 and Q6 
having drain electrodes which are connected to that of the PMOS transistor Q3 in 
5 common, and an NMOS transistor Q5 having a drain electrode which is connected 
to a source electrode of the NMOS transistor Q4 and a source electrode which is 
grounded in common with that of the NMOS transistor Q6. The input signals II 
and 12 are supplied to gate electrodes Gl, G2, G4 and G5 of the PMOS transistors 
Ql and Q2 and the NMOS transistors Q4 and Q5, while the input signal 13 is 
10 supplied to gate electrodes G3 and G6 of the PMOS transistor Q3 and the NMOS 
transistor Q6. A common node between the PMOS transistor Q3 and the NMOS 
transistors Q4 and Q6 defines an output end. 

Fig. 32 illustrates the layout of the NMOS transistors Q4 to Q6 of the 
AND-NOR gate CIO having such a structure. 
15 Referring to Fig. 32, an active area AR is provided with a concave part on 

its corner portion in a shape along a plan view, and an insulating film IF encloses 
this active area AR. The gate electrode G6 is formed on a depressed region DR 
having a span which is reduced due to the concave part, while the gate electrodes 
G4 and G5 are formed on an ordinary region OR other than the concave part. 
20 Fig. 33 is a sectional view taken along the line A-A in Fig. 29. As 

shown in Fig. 33, the gate electrode 3 formed on the active area 1 extends on the 
upper portion of the insulating film 7 over the length x of the gate end cap. 
Therefore, the source/drain regions SDA and SDB are electrically isolated from 
each other. While the active area 1 is invisible in the sectional direction since a 
25 channel region is formed on a portion of a silicon substrate 8 located under the gate 



electrode 3, Fig. 33 shows the position corresponding to the active area 1 with a 

broken line for convenience of illustration. 

While the source/drain regions SDA and SDB are generally electrically 

isolated from each other regardless of the concave part of the active area 1, such 
5 source/drain regions SDA and SDB may not be completely isolated from each 

other, depending on the shape of the concave part. 

This case is now described with reference to Figs. 34 and 35. Fig. 34 

shows an active area 1A having a corner portion which is provided with no 

concave part but obliquely notched. Fig. 36 is a sectional view taken along the 
10 line A-A in Fig. 34. As shown in Fig. 36, a gate electrode 3 does not reach an 

upper portion of an insulating film 7, and the active area 1A is longer than the gate 

electrode 3. 

When gate electrodes 2 and 3 similar to those shown in Fig. 29 are 
formed on this active area 1A having such a shape, an end portion of the gate 

15 electrode 3 does not reach the upper portion of the insulating film 7. Source/drain 
regions are generally formed by injecting an impurity through a gate electrode 
serving as an injection mask. If an impurity is injected through the gate electrode 
3 serving as an injection mask, therefore, source/drain regions SDA and SDB are 
formed not only on both sides of the gate electrode 3 but also around a forward end 

20 portion thereof. Consequently, the source/drain regions SDA and SDB formed on 
both sides of the gate electrode 3 are electrically shorted to hinder the function of 
the MOS transistor. 

Fig. 35 shows an active area IB provided on its corner portion with a 
concave part, which is not rectangularly shaped. 

25 When gate electrodes 2 and 3 similar to those shown in Fig. 29 are 
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formed on this active area IB having such a shape, an end portion of the gate 
electrode 3 only partially reaches an upper portion of an insulating film 7. In this 
case, source/drain regions SDA and SDB formed on both sides of the gate 
electrode 3 are not electrically shorted but the gate length of the gate electrode 3 is 
5 partially reduced. Assuming that L represents the gate length of the gate 
electrode 3 and b represents the length of a part of the end portion of the gate 
electrode 3 not reaching the upper portion of the insulating film 7 as shown in Fig. 
35, the substantial gate length is about L - b. When the gate length is thus 
partially reduced, a leakage current flows between the source/drain regions SDA 

10 and SDB in a transistor operation to deteriorate the function of the MOS transistor. 
Fig. 37 shows a gate electrode 3 having a forward end portion which is rounded 
due to corrosion by etching or the like. As shown in Fig. 37, both side surfaces of 
the gate electrode 3 only partially reach an upper portion of an insulating film 7 
due to the rounded forward end portion. Assuming that b and c represent the 

15 lengths of such parts respectively, the substantial gate length is about L - b - c. 
Thus, the substantial gate length is further reduced as compared with a gate 
electrode having a forward end portion which is not rounded. 

Formation of the active area 1A or IB shown in Fig. 34 or 35 conceivably 
results from divergence of the insulating film from the layout design, an proximity 

20 effect in photolithography, displacement of the position for introducing the 
impurity from the planned one in formation of the source/drain regions SDA and 
SDB. It can be said that such a problem, which has become obvious following 
refinement of the semiconductor device, has heretofore been neglected. 
SUMMARY OF THE INVENTION 

25 According to a first aspect of the present invention, a semiconductor 
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device comprises an active area which is provided with at least one MOS transistor 
and an insulating film defining the active area. The active area is set in a shape 
having a concave part in a shape along a plan view, the active area is provided with 
an ordinary region and a depressed region having an edge portion which is 
5 depressed beyond the ordinary region due to presence of the concave part, the 
MOS transistor includes a first MOS transistor which is formed on the depressed 
region and a second MOS transistor which is formed on the ordinary region, and 
the length of a margin part of a first gate electrode constructing the first MOS 
transistor is set to be larger than that of a margin part of a second gate electrode 

10 constructing the second MOS transistor. 

In the semiconductor device according to the first aspect of the present 
invention, the length of the margin part of the first gate electrode forming the first 
MOS transistor is set to be larger than that of the margin part of the second gate 
electrode forming the second MOS transistor, whereby an end portion of the first 

15 gate electrode completely reaches an upper portion of the insulating film even if an 
unnecessary active area exists in the concave part of the active area after various 
fabrication steps. Thus, the first gate electrode is prevented from partial reduction 
of its gate length, thereby preventing occurrence of current leakage between 
source/drain regions which are formed on the exterior of both side surfaces of the 

20 first gate electrode. Even if the concave part is filled up with an unnecessary 
active area, further, the source/drain regions formed on the exterior of both side 
surfaces of the first gate electrode are electrically isolated from each other and 
prevented from shorting, whereby a normally operating MOS transistor can be 
obtained. 

25 According to a second aspect of the present invention, the concave part is 
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formed on a corner portion of the active area, and the length of the margin part of 
the first gate electrode is set at the total of the length of the margin part of the 
second gate electrode and a length which is equal to a depression length in the 
concave part. 

5 In the semiconductor device according to the second aspect of the present 

invention, the margin part of the first gate electrode has a sufficient length, 
whereby the end portion of the first gate electrode completely reaches the upper 
portion of the insulating film even if the corner portion of the active area is 
provided with no concave part but obliquely notched after various fabrication steps, 

10 whereby the source/drain regions formed on the exterior of both side surfaces of 
the first gate electrode are electrically isolated from each other and prevented from 
shorting, whereby a normally operating MOS transistor can be obtained. 

According to a third aspect of the present invention, the concave part is 
formed on a corner portion of the active area, and the length of the margin part of 

15 the first gate electrode is set at the total of the length of the margin part of the 
second gate electrode and the length of a portion between the edge portion of the 
depressed region and an intersection between a virtual line which is set to connect 
first and second convex corner portions of the active area in the concave part and 
the first gate electrode. 

20 In the semiconductor device according to the third aspect of the present 

invention, the length of the margin part of the first gate electrode is set on the 
assumption that the corner portion of the active area is provided with no concave 
part but obliquely notched. Even if the corner portion of the active area is 
provided with no concave part but obliquely notched after various fabrication steps, 

25 therefore, the end portion of the first gate electrode completely reaches the upper 



portion of the insulating film, whereby the source/drain regions formed on the 
exterior of both side surfaces of the first gate electrode are electrically isolated 
from each other and prevented from shorting, whereby a normally operating MOS 
transistor can be obtained. Further, the length of the margin part of the first gate 
5 electrode is prevented from being increased beyond necessity- 
According to a fourth aspect of the present invention, the concave part is 
a dent part which is formed on a portion of the active area other than the corner 
portion, the ordinary region is divided into first and second ordinary regions due to 
presence of the dent part, an edge portion of the second ordinary region is on a 
10 position depressed beyond that of the first ordinary region, and the length of the 
margin part of the first gate electrode is set at the total of the length of the margin 
part of the second gate electrode and a length which is equal to a depression length 
of the edge portions of the depressed region and the second ordinary region. 

In the semiconductor device according to the fourth aspect of the present 
15 invention, the margin part of the first gate electrode has a sufficient length, 
whereby the end portion of the first gate electrode completely reaches the upper 
portion of the insulating film even if an unnecessary active area exists in the 
concave part of the active area after various fabrication steps, whereby the first 
gate electrode is prevented from partial reduction of its gate length. Therefore, 
20 occurrence of current leakage between the source/drain regions formed on the 
exterior of both side surfaces of the first gate electrode is prevented, whereby a 
normally operating MOS transistor can be obtained. 

According to a fifth aspect of the present invention, the concave part is a 
dent part which is formed on a portion of the active area other than the corner 
25 portion, the ordinary region is divided into first and second ordinary regions due to 



presence of the dent part, an edge portion of the second ordinary region is on a 
position depressed beyond that of the first ordinary region, and the length of the 
margin part of the first gate electrode is set at the total of the length of the margin 
part of the second gate electrode and the length of a portion between the edge 
5 portion of the depressed region and an intersection between a virtual line which is 
set to connect first and second convex corner portions of the active area in the 
concave part and the first gate electrode. 

In the semiconductor device according to the fifth aspect of the present 
invention, the length of the margin part of the first gate electrode is set on the 
10 assumption that the concave part is filled up with an unnecessary active area, 
whereby the length of the margin part of the first gate electrode is prevented from 
being increased beyond necessity. 

According to a sixth aspect of the present invention, a semiconductor 
device comprises an active area which is provided with at least one MOS transistor, 
15 and an insulating film defining the active area. The active area is set in a shape 
having a concave part in a shape along a plan view, the active area is provided with 
an ordinary region and a depressed region having an edge portion which is 
depressed beyond the ordinary region due to presence of the concave part, the 
MOS transistor includes a first MOS transistor which is formed on the depressed 
20 region and a second MOS transistor which is formed on the ordinary region, and a 
margin part of a first gate electrode constructing the first MOS transistor is set in a 
shape having a bent portion which is bent at a prescribed angle to extend in a 
direction separating from the ordinary region. 

In the semiconductor device according to the sixth aspect of the present 
25 invention, the margin part of the first gate electrode forming the first MOS 
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transistor is set in the shape having the bent portion which is bent at the prescribed 
angle to extend in the direction separating from the ordinary region, whereby the 
end portion of the first gate electrode completely reaches the upper portion of the 
insulating film even if an unnecessary active area exists in the concave part of the 
5 active area after various fabrication steps. Thus, the first gate electrode is 
prevented from partial reduction of its gate length, and occurrence of current 
leakage between the source/drain regions formed on the exterior of both side 
surfaces of the first gate electrode is prevented. Even if the concave part is filled 
up with an unnecessary active area, the source/drain regions formed on the exterior 
10 of both side surfaces of the first gate electrode are electrically isolated from each 
other and prevented from shorting, whereby a normally operating MOS transistor 
can be obtained. 

According to a seventh aspect of the present invention, the concave part is 
formed on a corner portion of the active area, the prescribed angle is 90-, the 

15 depressed region includes a first edge portion which is perpendicular to the first 
gate electrode and a second edge portion which is parallel to the first gate electrode, 
the bent portion extends to be substantially in contact with or not in contact with 
the first edge portion of the depressed region, and the length of the bent portion is 
so set that its forward end portion projects beyond the second edge portion of the 

20 depressed region by a distance which is equal to the length of a margin part of a 
second gate electrode constructing the second MOS transistor. 

In the semiconductor device according to the seventh aspect of the 
present invention, the forward end portion of the bent portion is set to project 
beyond the second edge portion of the depressed region, whereby the end portion 

25 of the first gate electrode completely reaches the upper portion of the insulating 
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film even if an unnecessary active area exists in the concave part of the active area 
after various fabrication steps, whereby the first gate electrode is prevented from 
partial reduction of its gate length, occurrence of current leakage between the 
source/drain regions formed on the exterior of both side surfaces of the first gate 
5 electrode is prevented, and a normally operating MOS transistor can be obtained. 

According to an eighth aspect of the present invention, the concave part is 
formed on a corner portion of the active area, the prescribed angle is 90-, the 
depressed region includes a first edge portion which is perpendicular to the first 
gate electrode and a second edge portion which is parallel to the first gate electrode, 

10 the bent portion extends to be not in contact with the first edge portion of the 
depressed region, and the length of the bent portion is so set that its forward end 
portion projects beyond an intersect position between a virtual line which is set to 
connect first and second convex corner portions of the active area in the concave 
part and the first gate electrode by a distance which is equal to the length of a 

15 margin part of a second gate electrode constructing the second MOS transistor. 

In the semiconductor device according to the eighth aspect of the present 
invention, the length of the margin part of the first gate electrode is set on the 
assumption that the corner portion of the active area is provided with no concave 
part but obliquely notched. Even if the corner portion is provided with no 

20 concave part but obliquely notched after various fabrication steps, therefore, the 
end portion of the first gate electrode completely reaches the upper portion of the 
insulating film. Thus, the source/drain regions formed on the exterior of both side 
surfaces of the first gate electrode are electrically isolated from each other and 
prevented from shorting, whereby a normally operating MOS transistor can be 

25 obtained. Further, the length of the margin part of the first gate electrode is 
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prevented from being increased beyond necessity. 

According to a ninth aspect of the present invention, the concave part is 
formed on a corner portion of the active area, the bent portion is bent about an 
intersect position between a virtual line which is set to connect first and second 
5 convex corner portions of the active area in the concave part and the first gate 
electrode, the prescribed angle is smaller than 90% and the length of the bent 
portion is so set that its forward end portion projects beyond the intersect position 
by a distance which is equal to the length of a margin part of a second gate 
electrode constructing the second MOS transistor. 
10 in the semiconductor device according to the ninth aspect of the present 

invention, the forward end portion of the bent portion is set to project beyond the 
intersect position between the first gate electrode and the virtual line, whereby the 
end portion of the first gate electrode completely reaches the upper portion of the 
insulating film even if the corner portion of the active area is provided with no 
15 concave part but obliquely notched after various fabrication steps. Thus, the 
source/drain regions formed on the exterior or both side surfaces of the first gate 
electrode are electrically isolated from each other and prevented from shorting, 
whereby a normally operating MOS transistor can be obtained. 

According to a tenth aspect of the present invention, a semiconductor 
20 device comprises an active area which is provided with at least one MOS transistor 
and an insulating film defining the active area. The active area is set in a shape 
having a concave part in a shape along a plan view, the active area is provided with 
an ordinary region and a depressed region having an edge portion which is 
depressed beyond the ordinary region due to presence of the concave part, the 
25 MOS transistor includes a plurality of MOS transistors which are arranged on the 
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depressed region and electrically connected in parallel with each other, and 
respective gate electrodes of the plurality of MOS transistors are arranged in 
parallel with each other and electrically connected in common so that margin parts 
of at least a gate electrode which is located most approximately to the ordinary 
region and that adjacent to this gate electrode are connected with each other among 
the respective gate electrodes of the plurality of MOS transistors. 

In the semiconductor device according to the tenth aspect of the present 
invention, the margin parts of at least the gate electrode located most 
approximately to the ordinary region and the gate electrode adjacent thereto are 
connected with each other among the respective gate electrodes of the plurality of 
MOS transistors when the plurality of MOS transistors which are electrically 
connected in parallel with each other are arranged on the depressed region, 
whereby the two gate electrodes and a connected body of the respective margin 
parts enclose the source/drain regions between the two gate electrodes. Even if 
an unnecessary active area exists in the concave part of the active area after various 
fabrication steps, therefore, the source/drain regions between the two gate 
electrodes are electrically isolated from the remaining source/drain regions and 
prevented from shorting, whereby normally operating MOS transistors can be 
obtained. 

According to an eleventh aspect of the present invention, all margin parts 
of the respective gate electrodes of the plurality of MOS transistors are connected 
with each other. 

In the semiconductor device according to the eleventh aspect of the 
present invention, all margin parts of the respective gate electrodes of the plurality 
of MOS transistors are connected when the plurality of MOS transistors which are 
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electrically connected in parallel with each other are arranged on the depressed 
region. Even if an unnecessary active area exists in the concave part of the active 
area over a wide range, therefore, the source/drain regions between the gate 
electrodes are electrically isolated from each other and prevented from shorting, 
whereby normally operating MOS transistors can be obtained. 

An object of the present invention is to provide a semiconductor device 
which causes no current defect between source/drain regions even if an active area 
and an insulating film defining this active area fail to satisfy the layout design 
following refinement of the semiconductor device. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a semiconductor device according to an embodiment 1 of 

the present invention; 

Fig. 2 illustrates the semiconductor device according to the embodiment 1 

of the present invention; 

Fig. 3 illustrates a modification 1 of the semiconductor device according 
to the embodiment 1 of the present invention; 

Fig. 4 illustrates the modification 1 of the semiconductor device 
according to the embodiment 1 of the present invention; 

Fig. 5 illustrates a modification 2 of the semiconductor device according 
to the embodiment 1 of the present invention; 

Fig. 6 illustrates the modification 2 of the semiconductor device 



according to the embodiment 1 of the present invention; 

Fig. 7 illustrates still another modification of the semiconductor device 
according to the embodiment 1 of the present invention; 

Fig. 8 illustrates a semiconductor device according to an embodiment 2 of 

the present invention; 

Fig. 9 illustrates the semiconductor device according to the embodiment 2 

of the present invention; 

Fig. 10 illustrates a modification 1 the semiconductor device according to 
the embodiment 2 of the present invention; 

Fig. 11 illustrates the modification 1 of the semiconductor device 
according to the embodiment 2 of the present invention; 

Fig. 12 illustrates a modification 2 of the semiconductor device according 
to the embodiment 2 of the present invention; 

Fig. 13 illustrates the modification 2 of the semiconductor device 
according to the embodiment 2 of the present invention; 

Fig. 14 illustrates a modification 3 of the semiconductor device according 
to the embodiment 2 of the present invention; 

Fig. 15 illustrates the modification 3 of the semiconductor device 
according to the embodiment 2 of the present invention; 

Fig. 16 illustrates a semiconductor device according to an embodiment 3 
of the present invention; 

Fig. 17 illustrates the semiconductor device according to the embodiment 
3 of the present invention; 

Fig. 18 illustrates the semiconductor device according to the embodiment 
3 of the present invention; 



16 

Fig. 19 illustrates a modification of the semiconductor device according 
to the embodiment 3 of the present invention; 

Fig. 20 illustrates the modification of the semiconductor device according 
to the embodiment 3 of the present invention; 

Fig. 21 illustrates the modification of the semiconductor device according 
to the embodiment 3 of the present invention; 

Fig. 22 illustrates a semiconductor device according to an embodiment 4 

of the present invention; 

Fig. 23 illustrates the semiconductor device according to the embodiment 

4 of the present invention; 

Fig. 24 illustrates the semiconductor device according to the embodiment 

4 of the present invention; 

Fig. 25 illustrates the semiconductor device according to the embodiment 

4 of the present invention; 

Fig. 26 illustrates a modification 1 of the semiconductor device according 
to the embodiment 4 of the present invention; 

Fig. 27 illustrates the modification 1 of the semiconductor device 
according to the embodiment 4 of the present invention; 

Fig. 28 illustrates a modification 2 of the semiconductor device according 
to the embodiment 4 of the present invention; 

Fig. 29 illustrates a problem in a conventional semiconductor device; 

Fig. 30 illustrates an exemplary circuit having a concave part in an active 

area; 

Fig. 31 illustrates the exemplary circuit having the concave part in the 
active area; 
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Fig. 32 illustrates the layout of the exemplary circuit having the concave 

part in the active area; 

Fig. 33 illustrates a sectional structure of a general active area; 

Fig. 34 illustrates the structure of a conventional semiconductor device; 
5 Fig. 35 illustrates the structure of another conventional semiconductor 

device; 

Fig. 36 illustrates a sectional structure of a depressed region of an active 

area; and 

Fig. 37 illustrates the structure of still another conventional 
10 semiconductor device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
<A. Embodiment 1> 
<A-1. Device Structure> 

Fig. 1 shows a part of an active area 1 in the layout design phase of a 
15 semiconductor device according to an embodiment 1 of the present invention and 
gate electrodes 20 and 30 arranged on this active area 1. Referring to Fig. I, the 
active area 1 is provided with a concave part on its corner portion in a shape along 
a plan view. An insulating film 7 encloses the active area 1 . The gate electrode 
30 is arranged on a depressed region DR having an edge portion which is located 
20 on a low position due to the concave part, and the gate electrode 20 is arranged on 
an ordinary region (a region other than the depressed region DR) OR having an 
edge portion projecting beyond the depressed region DR. 

A gate end cap (margin part) of the gate electrode has a length x. This 
gate end cap is set as the margin part (gate portion extending beyond the active 
25 area) in order to prevent the length of the gate electrode from being reduced below 
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the span of the active area. The length x is so set that a forward portion of the 
gate electrode is not located on the active area even if this forward end portion is 
rounded due to corrosion by etching or the like to partially reduce the gate length. 
The length x of the gate end cap of the gate electrode 20 is set as that from an edge 
portion of the active area on layout design. 

On the other hand, a gate end cap of the gate electrode 30 has a length x + 
a. The additional length a is set to be not more than the length x of the gate end 
cap of the gate electrode arranged on the ordinary region (0 < a ^ x), for 
example. 

<A-2. Characteristic Function/Effect> 

Fig. 2 shows a part of an active area IB of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 30 
arranged on this active area IB. Referring to Fig. 2, the active area IB is 
provided on its corner portion with a concave part, which is not rectangularly 
shaped. Such an active area IB results from accumulation of subtle divergence of 
actual values from design values in various fabrication steps for forming an 
insulating film 7, source/drain regions SDA and SDB and the like, and it is not 
easy to thoroughly this problem. However, a gate end cap of the gate electrode 
30 is set at the length x + a as hereinabove described, whereby an end portion of 
the gate electrode 30 completely reaches an upper portion of the insulating film 7 
for preventing partial reduction of the gate length even if an unnecessary active 
area exists in the concave part of the active area IB. Thus, the source/drain 
regions SDA and SDB are prevented from occurrence of current leakage 
therebetween, whereby the function of the MOS transistor can be maintained. If 
no problem arises in the fabrication process but the concave part is rectangularly 
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shaped, a semiconductor device similar to that shown in Fig. 1 is obtained, as a 
matter of course. 

<A-3. Modification 1> 

In the active area IB shown in Fig. 2, an unnecessary active area merely 
5 partially exists in the concave part. If the corner portion is provided with no 
concave part but obliquely notched, however, no effect may be attained even if the 
length of the gate end cap is increased as described above. In this case, the length 
of the gate end cap is further increased as described below. 

Fig. 3 shows a part of an active area 1 in the layout design phase of a 
10 modification 1 of the semiconductor device according to the embodiment 1 of the 
present invention and gate electrodes 20 and 30A arranged on this active area 1. 
Referring to Fig. 3, the gate electrode 30A is arranged on a depressed region DR 
having an edge portion which is located on a low position due to a concave part, 
and the gate electrode 20 is arranged on an ordinary region (region other than the 
15 depressed region) OR having an end portion projecting beyond the depressed 
region DR. 

While a gate end cap of the gate electrode 20 has a length x, that of the 
gate electrode 30A has a length x + w. The additional length w is set to be equal 
to the depression length of the concave part, and endmost portions of the gate 
20 electrodes 20 and 30A are flush with each other as a result. 

Fig. 4 shows a part of an active area 1A of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 
30A arranged on this active area 1 A. Referring to Fig. 4, the active area 1A has a 
corner portion which is provided with no concave part but obliquely notched. A 
25 gate end cap of the gate electrode 30A is set at the length x + w as described above 
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on the active area 1A having such a shape, whereby an end portion of the gate 
electrode 30A completely reaches an upper portion of an insulating film 7. Thus, 
source/drain regions SDA and SDB provided on both sides of the gate electrode 
30A are electrically isolated from each other and prevented from shorting, whereby 
5 the function of the MOS transistor can be maintained. If no problem arises in the 
fabrication process but the concave part is rectangularly shaped, a semiconductor 
device similar to that shown in Fig. 3 is obtained, as a matter of course. 
<A-4. Modification 2> 

While the length of the gate end cap of the gate electrode of the concave 
10 part is increased by the value equal to the depression length of the concave part in 
the aforementioned modification 1, the length of such a gate end cap may 
alternatively be decided as described below, in order to minimize the length. 

Fig. 5 shows a part of an active area 1 in the layout design phase of a 
modification 2 of the semiconductor device according to the embodiment I of the 
15 present invention and gate electrodes 20 and 30B arranged on this active area 1. 
Referring to Fig. 5, the gate electrode 30B is arranged on a depressed region DR 
having an edge portion which is located on a low position due to a concave part, 
while the gate electrode 20 is arranged on an ordinary region (region other than the 
depressed region) OR having an end portion projecting beyond the depressed 
20 region DR. 

While a gate end cap of the gate electrode 20 has a length x, that of the 
gate electrode 30B has a length x + z. On the assumption that the corner portion 
of the active area 1 is provided with no concave part but obliquely notched, the 
additional length z is equalized with the length of a portion between an edge 
25 portion of the depressed region DR and a position where a virtual line VL 
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connecting two convex corner portions Kl and K2 of the concave part of the active 
area 1 intersects with the gate electrode 30B, i.e., a position where the virtual line 
VL intersects with a longer side closer to the ordinary region OR in two longer 
sides of the gate end cap. The position where the virtual line VL intersects with 
the gate electrode 30B may be defined as that where the virtual line VL intersects 
with the center line of the gate electrode 30B or with a longer side closer to the 
ordinary region OR in two longer sides of the gate electrode 30B. 

Fig. 6 shows a part of an active area 1A of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 
30B arranged on this active area 1A. Referring to Fig. 6, the active area 1A has a 
corner portion which is provided with no concave part but obliquely notched. A 
gate end cap of the gate electrode 30B is set at the length x + z as described above 
on the active area 1A having such a shape, whereby an end portion of the gate 
electrode 30B completely reaches an upper portion of an insulating film 7. Thus, 
source/drain regions SDA and SDB provided on both sides of the gate electrode 
30B are electrically isolated from each other and prevented from shorting, whereby 
the function of the MOS transistor can be maintained. If no problem arises in the 
fabrication process but the concave part is rectangularly shaped, a semiconductor 
device similar to that shown in Fig. 5 is obtained, as a matter of course. 

In each of the semiconductor devices according to the embodiment 1 of 
the present invention and the modifications 1 and 2, only a single gate electrode is 
arranged on the depressed region and the length of its gate end cap is increased. 
If a plurality of gate electrodes are arranged on such a depressed region, the gate 
end cap of only the innermost gate electrode must be increased in length. 

Fig. 7 shows such a structure. Referring to Fig. 7, an active area AR has 
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such a wide depressed region DR that a plurality of gate electrodes are arranged 
thereon. In this case, the length of a gate end cap is increased only in a gate 
electrode GE1 which is most approximate to an ordinary region OR. Since an 
unnecessary active area is generally formed in the vicinity of a side wall of a 
5 concave part as shown by a broken line, and hence the present invention is 
sufficiently applied to a gate electrode which is in the vicinity of the side wall. 

<B. Embodiment 2> 

<B-1. Device Structure> 

Fig. 8 illustrates a part of an active area 1 in the layout design phase of a 

10 semiconductor device according to an embodiment 2 of the present invention and 
gate electrodes 20 and 30C arranged on this active area 1. Referring to Fig. 8, the 
active area 1 is provided with a concave part on its corner portion in a shape along 
a plan view. The gate electrode 30C is arranged on a depressed region DR having 
an edge portion which is located on a low position due to the concave part, and the 

15 gate electrode 20 is arranged on an ordinary region (region other than the 
depressed region) OR having an edge portion projecting beyond the depressed 
region DR. An insulating film 7 encloses the active area 1. 

A gate end cap of the gate electrode 30C has a bent portion BP which is 
bent at an angle of about 90°, to extend oppositely to the ordinary region OR. 

20 This gate electrode 30C is so arranged as to maintain the distance between the bent 
portion BP and a horizontal edge portion (first edge portion) of the depressed 
region DR at a prescribed length s. The prescribed length s may be so set that the 
gate end cap is slightly in contact with or not in contact with the depressed region 
DR in plan view. The length of the bent portion BP may be substantially equal to 

25 the length x of a gate end cap of the gate electrode 20 arranged on the ordinary 
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region OR. 

<B-2. Characteristic Function/Effect> 

Fig. 9 shows a part of an active area IB of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 

5 30C arranged on this active area IB. Referring to Fig. 9, the active area IB is 
provided on its corner portion with a concave part, which is not rectangularly 
shaped. A gate end cap of the gate electrode 30C is bent at an angle of about 90° 
oppositely to an ordinary region OR as described above on the active area IB 
having such a shape, whereby an end portion of the gate electrode 30C completely 
10 reaches an upper portion of an insulating film 7 even if an unnecessary active area 
exists in the concave part of the active area IB, thereby preventing partial 
reduction of the gate length. Thus, source/drain regions SDA and SDB provided 
on both sides of the gate electrode 30B are electrically isolated from each other and 
prevented from shorting, whereby the function of the MOS transistor can be 

15 maintained. If no problem arises in the fabrication process but the concave part is 
rectangularly shaped, a semiconductor device similar to that shown in Fig. 8 is 
obtained, as a matter of course. 

<B-3. Modification 1> 

In the active area IB shown in Fig. 9, an unnecessary active area merely 
20 partially exists in the concave part. If the unnecessary active area has a large area 
or the corner portion is provided with no concave part but obliquely notched, 
however, no effect may be attained by bending the gate end cap at an angle of 
about 90° oppositely to the ordinary region so that the bent portion BP has a length 
substantially equal to the length x of the gate end cap of the gate electrode arranged 
25 on the ordinary region. In this case, the length of such a bent portion is further 
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increased as described below. 

Fig. 10 illustrates a part of an active area 1 in the layout design phase of a 
modification 1 of the semiconductor device according to the embodiment 2 of the 
present invention and gate electrodes 20 and 30D arranged on this active area 1. 
5 Referring to Fig. 10, the gate electrode 30D having a bent portion BD which is 
bent at an angle of about 90° oppositely to an ordinary region is so arranged on a 
depressed region DR that a forward end portion of the bent portion BD projects 
beyond a vertical edge portion (second edge portion) of the depressed region DR. 
The forward end portion of the bent portion BD of the gate electrode 30D projects 
10 beyond the vertical edge portion of the depressed region DR by a length 
substantially equal to the length x of a gate end cap of the gate electrode 20 
arranged on the ordinary region. 

Fig. 11 shows a part of an active area 1C of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 
15 30D arranged on this active area 1C. Referring to Fig. 11, the active area 1C is 
provided on its corner portion with a concave part, which is not rectangularly 
shaped. While an unnecessary portion of the active area 1C has a larger area as 
compared with that of the active area IB shown in Fig. 9, the gate electrode 30D is 
so formed that a forward end portion of its gate end cap projects beyond a vertical 
20 end portion of a depressed region DR by a length substantially equal to the length x, 
thereby preventing partial reduction of the gate length. Thus, source/drain 
regions SDA and SDB are prevented from occurrence of current leakage 
therebetween, whereby the function of the MOS transistor can be maintained. If 
no problem arises in the fabrication process but the concave part is rectangularly 
25 shaped, a semiconductor device similar to that shown in Fig. 10 is obtained, as a 
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matter of course. 

<B-4. Modification 2> 

While the forward end portion having the bent portion which is bent 
oppositely to the ordinary region projects beyond the vertical edge portion of the 

5 depressed region by a length substantially equal to the length x of a gate end cap of 
the gate electrode arranged on the ordinary region in the aforementioned 
modification 1, the length of such a gate end cap may be decided in the following 
manner, in order to minimize the same. 

Fig. 12 illustrates a part of an active area 1 in the layout design phase of a 

10 modification 2 of the semiconductor device according to the embodiment 2 of the 
present invention and gate electrodes 20 and 30E arranged on this active area 1. 
Referring to Fig. 12, the gate electrode 30E having a bent portion BD which is bent 
at an angle of about 90° oppositely to an ordinary region OR is formed on a 
depressed region DR. 

15 The gate electrode 30E is so arranged as to maintain the distance between 

the bent portion BD and a horizontal edge portion (first edge portion) of the 
depressed region DR at a prescribed length m. On the assumption that a corner 
portion of the active area 1 is provided with no concave part but obliquely notched, 
the gate electrode 30E is so formed as to project beyond a position where a virtual 

20 line VL connecting two convex corner portions Kl and K2 of the concave part of 
the active area 1 intersects with the bent portion BD, i.e., a position where the 
virtual line VL intersects with a longer side closer to the ordinary region OR in two 
longer sides of the bent portion BD, by a length substantially equal to the length x. 
Therefore, the length of the gate end cap can be reduced as compared with that of 

25 the gate electrode 30D described with reference to Fig. 10. 
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The position where the virtual line VL intersects with the gate electrode 
30E may be defined as that where the virtual line VL intersects with the center line 
of the gate electrode 30E or with a longer side farther from the depressed region 
DR in two longer sides of the gate electrode 30E. A length m may be set in 
5 response to the virtual line VL. Namely, the length m may be reduced in case of 
setting the virtual line VL as connecting two points inside the two convex corner 
portions Kl and K2 of the concave part. 

Fig. 13 shows a part of an active area 1A of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 
10 30E arranged on this active area 1A. Referring to Fig. 13, the active area 1A has 
a corner portion which is provided with no concave part but obliquely notched. A 
gate end cap of the gate electrode 30E is so formed as to project beyond the 
notched part of the active area 1A by a length substantially equal to the length x on 
the active area 1A having such a shape, whereby an end portion of the gate 
15 electrode 30A completely reaches an upper portion of an insulating film 7. Thus, 
source/drain regions SDA and SDB provided on both sides of the gate electrode 
30E are electrically isolated from each other and prevented from shorting, whereby 
the function of the MOS transistor can be maintained. If no problem arises in the 
fabrication process but the concave part is rectangularly shaped, a semiconductor 
20 device similar to that shown in Fig. 12 is obtained, as a matter of course. 
<B-5. Modification 3> 

While the gate electrode has the bent portion which is bent oppositely to 
the ordinary region in each of the aforementioned semiconductor devices 
according to the embodiment 2 and the modifications 1 and 2, the angle for 
25 bending the gate end cap is not restricted to 90 a . 
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Fig. 14 illustrates a part of an active area 1 in the layout design phase of a 
modification 3 of the semiconductor device according to the embodiment 2 of the 
present invention and gate electrodes 20 and 30F arranged on this active area 1. 
Referring to Fig. 14, the gate electrode 30F has a bent portion which is bent at an 
5 angle (3 (0° < p < 90°) smaller than 90° in a direction separating from an ordinary 
region OR. 

On the assumption that a corner portion of the active area 1 is provided 
with no concave part but obliquely notched, the gate electrode 30F is bent at the 
angle p about a position where a virtual line VL connecting two convex corner 

10 portions Kl and K2 of the concave part of the active area 1 intersects with the bent 
portion, i.e., a position where the virtual line VL intersects with a longer side 
closer to a depressed region DR in two longer sides of the bent portion. The bent 
portion is so formed as to project beyond the bend center (the intersection between 
the virtual line VL and the bent portion) by a length substantially equal to the 

15 length x. 

The position where the virtual line VL intersects with the gate electrode 
30F may be defined as that where the virtual line VL intersects with the center line 
of the gate electrode 30F or with a longer side farther from the depressed region 
DR in two longer sides of the gate electrode 30F. 

20 Fig. 15 shows a part of an active area 1A of a semiconductor device 

actually fabricated on the basis of such design values and gate electrodes 20 and 
30F arranged on this active area 1A. Referring to Fig. 15, the active area 1A has 
a corner portion which is provided with no concave part but obliquely notched. A 
gate end cap of the gate electrode 30F is so formed as to project beyond the 

25 notched part of the active area 1A by a length substantially equal to the length x on 
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the active area 1A having such a shape, whereby an end portion of the gate 
electrode 30F completely reaches an upper portion of an insulating film 7. Thus, 
source/drain regions SDA and SDB provided on both sides of the gate electrode 
30F are electrically isolated from each other and prevented from shorting, whereby 
5 the function of the MOS transistor can be maintained. If no problem arises in the 
fabrication process but the concave part is rectangularly shaped, a semiconductor 
device similar to that shown in Fig. 14 is obtained, as a matter of course. 
<C. Embodiment 3> 
<C-1. Device Structuro 
10 While only a single gate electrode is positioned on the concave part of the 

active area in each of the aforementioned semiconductor devices according to the 
embodiments 1 and 2 of the present invention, a plurality of gate electrodes may be 
formed on a concave part of an active area. 

Fig. 16 illustrates NMOS transistors Q10 and Q20 which are connected in 
15 parallel with each other. Referring to Fig. 16, drain electrodes as well as source 
electrodes of the NMOS transistors Q10 and Q20 are connected in common, while 
gate electrodes 301 and 302 thereof are connected to a common input part C. 

Fig. 17 shows a part of an active area 1 in the layout design phase of a 
semiconductor device according to an embodiment 3 of the present invention and 
20 gate electrodes 20 and 30G arranged on this active area 1. Referring to Fig. 17, 
the active area 1 has a concave part on its corner portion in a shape along a plan 
view. An insulating film 7 encloses the active area 1. The gate electrode 30G is 
arranged on a depressed region DR having an edge portion which is located on a 
low position due to the concave part, and the gate electrode 20 is arranged on an 
25 ordinary region (region other than the depressed region) OR having an end portion 
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projecting beyond the depressed region DR. 

The gate electrode 30G is formed by gate electrodes 301 and 302 
arranged on this depressed region DR successively from a side closer to the 
ordinary region OR and a connecting member 303 connecting gate end caps 

5 thereof with each other, to be U-shaped along a plan view. The gate electrode 
30G is so arranged as to maintain the distance between the connecting member 303 
and a horizontal edge portion of the depressed region DR at a prescribed length m 
(m: at least zero). 

<C-2. Characteristic Function/Effect> 

10 Fig. 18 shows a part of an active area ID of a semiconductor device 

actually fabricated on the basis of such design values and gate electrodes 20 and 
30G arranged on this active area ID. Referring to Fig. 18, the active area ID is 
provided on its corner portion with a concave part, which is not rectangularly 
shaped. A gate end cap of the gate electrode 30G connects those of gate 

15 electrodes 301 and 302 with each other as described above on the active area ID 
having such a shape. Even if an unnecessary active area exists in the concave part 
of the active area ID, therefore, the gate electrodes 301 and 302 and a connecting 
member 303 enclose a source/drain region SDB for isolating the same from a 
source/drain region SDA located in the exterior of the gate electrodes 301 and 302 

20 and preventing the same from shorting, whereby the function of the MOS transistor 
can be maintained. If no problem arises in the fabrication process but the concave 
part is rectangularly shaped, a semiconductor device similar to that shown in Fig. 
17 is obtained, as a matter of course. 
<C-3. Modification> 

25 While two gate electrodes, i.e., two transistors are formed on the concave 
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part of the active area in the aforementioned semiconductor device according to the 
embodiment 3 of the present invention, two or more gate electrodes may be formed 
on a concave part of such an active area. 

Fig. 19 shows NMOS transistors Qll to Qln which are connected in 
parallel with each other in a modification of the semiconductor device according to 
the embodiment 3 of the present invention. Referring to Fig. 19, drain electrodes 
as well as source electrodes of the NMOS transistors Qll to Qln are connected in 
common, while gate electrodes Gil to Gin of the NMOS transistors Qll to Qln 
are connected to a common input part C. 

Fig. 20 shows such a parallel connected body of the NMOS transistors 
Qll to Qln, which is formed on a depressed region DR. Referring to Fig. 20, the 
gate electrodes Gil to Gin are arranged on a concave part of an active area AR 
successively from a side closer to an ordinary region OR. All gate end caps of the 
gate electrodes Gil to Gin are connected in common. 

When a plurality of gate electrodes arranged on a depressed region are 
electrically connected in common and gate end caps thereof are also connected in 
common, the gate electrodes enclose source/drain regions for electrically isolating 
the same from each other and preventing adjacent ones of the source/drain regions 
from shorting even if an unnecessary region is present in a concave part of an 
active area over a wide range, whereby functions of MOS transistors can be 
maintained. 

When two or more gate electrodes are formed on a depressed region, not 
all gate end caps of the gate electrodes may be connected in common, dissimilarly 
to the above. 

As shown in Fig. 21, only gate end caps of a gate electrode Gil which is 
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most approximate to an ordinary region OR and a gate electrode G12 adjacent 
thereto may be connected in common. The present invention is sufficiently 
applied to gate electrodes which are approximate to an ordinary region, since an 
unnecessary active area is generally formed in the vicinity of the ordinary region. 
5 <D. Embodiment 4> 

<D-1. Device Structure> 

While the corner portion of the active area is provided with the concave 
part in each of the aforementioned semiconductor devices according to the 
embodiments 1 to 3 of the present invention, such a concave part may be formed 

10 on a portion other than the corner portion. 

In relation to a concave part formed on a portion other than the corner 
portion of an active area, Fig. 22 shows a ratio latch circuit C20, for example. 
Referring to Fig. 22, an input end of an inverter circuit C3 which is formed by a 
PMOS transistor Q31 and an NMOS transistor Q32 is connected to an output end 

15 of a transmission gate which is formed by a PMOS transistor Q21 and an NMOS 
transistor Q22, and an output end of the inverter circuit C3 defines that of the ratio 
latch circuit C20. An input end of an invertor circuit C4 which is formed by a 
PMOS transistor Q41 and an NMOS transistor Q42 is connected to the output end 
of the inverter circuit C3, and an output end of the inverter circuit C4 is connected 

20 to the input end of the inverter circuit C3. The PMOS and NOS transistors Q21, 
Q22, Q31, Q32, Q41 and Q42 have gate electrodes G21, G22, G31, G32, G41 and 
G42 respectively. 

Fig. 23 is a layout diagram of the NMOS transistors Q22, Q32 and Q42 of 
the ratio latch circuit C20 having the aforementioned structure. 
25 Referring to Fig. 23, an active area AR has a concave part on its center in 
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a shape along a plan view. The gate electrode G42 is arranged on a depressed 
region DR having a span which is reduced due to the concave part, and the gate 
electrodes G22 and G23 are arranged on ordinary regions (regions other than the 
depressed region DR) OR1 and OR2, which are larger in span than the depressed 

5 region DR, provided on both sides of the depressed region DR. An insulating 
film IF encloses the active area AR. 

While an unnecessary active area may be formed on a concave part 
provided on a portion other than the corner portion of an active area, functional 
loss of a MOS transistor resulting from the presence of the unnecessary active area 

10 can be prevented by the following structure: 

Fig. 24 shows a part of an active area 10 in the layout design phase of a 
modification of the semiconductor device according to the embodiment 4 of the 
present invention and gate electrodes 20 and 30H arranged on this active area 10. 
Referring to Fig. 24, the active area 10 has a concave part in a portion other than 

15 the corner portion in a shape along a plan view. An insulating film 7 encloses the 
active area 10. In this case, the concave part may alternatively be referred to as a 
dent part. 

The gate electrode 30H is arranged on a depressed region DR having an 
edge portion which is located on a low position due to the concave part. Ordinary 
20 regions (regions other than the depressed region) OR1 and OR2 (first and second 
ordinary regions) having edge portions projecting beyond the depressed region DR 
are provided on both sides of the depressed region DR. The gate electrode 20 is 
arranged on the ordinary region OR1. A gate end cap of the gate electrode 20 has 
a length x. 

25 An end portion of the ordinary region OR2 is located on a position 
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depressed from that of an end portion of the ordinary region OR1, to result in 
difference between the depression lengths of the ordinary regions OR1 and OR2. 
A gate end cap of the gate electrode 30H is formed to project beyond an edge 
portion of the ordinary region OR2 by a length substantially equal to the length x 
of the gate end cap of the gate electrode 20 arranged on the ordinary region OR1. 
<D-2. Characteristic Function/Effect> 

Fig. 25 shows a part of an active area 1 OA of a semiconductor device 
actually fabricated on the basis of such design values and gate electrodes 20 and 
30H arranged on this active area 10A. Referring to Fig. 25, the active area 10A 
has a concave part which is not rectangularly shaped. A gate end cap of the gate 
electrode 30H is formed to project beyond an edge portion of an ordinary region 
OR2 by a length substantially equal to the length x of a gate end cap of the gate 
electrode 20 arranged on an ordinary region OR1 in the active area 10A having 
such a shape, whereby an end portion of the gate electrode 30H completely reaches 
an upper portion of an insulating film 7 even if an unnecessary active area exists in 
the concave part of the active area 10A, thereby preventing the gate electrode 30H 
from partial reduction of its gate length. Thus, occurrence of current leakage 
between source/drain regions SDA and SDB can be prevented, whereby the 
function of the MOS transistor can be maintained. If no problem arises in the 
fabrication process but no unnecessary region exists in the concave part, a 
semiconductor device similar to that shown in Fig. 24 is obtained, as a matter of 
course. 

<D-3. Modification 1> 

While the gate end cap of the gate electrode 30H is formed to project 
beyond the edge portion of the ordinary region OR2 by the length substantially 
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equal to the length x of the gate end cap of the gate electrode 20 arranged on the 
ordinary region OR1 as hereinabove described in the aforementioned 
semiconductor device according to the embodiment 4, the length of such a gate end 
cap may alternatively set in the following manner: 
5 Fig. 26 shows a part of an active area 10 in the layout design phase of a 

modification 1 of the semiconductor device according to the embodiment 4 of the 
present invention and gate electrodes 20 and 301 arranged on this active area 10. 
Referring to Fig. 26, the gate electrode 301 is arranged on a depressed region DR, 
and the gate electrode 20 is arranged on an ordinary region OR1. 

10 A gate end cap of the gate electrode 20 has a length x, while a gate end 

cap of the gate electrode 301 is so formed as to project beyond a position where a 
virtual line VL connecting two convex corner portions Kl and K2 of the concave 
part of the active area 10 intersects with the gate electrode 301, i.e., a position 
where the virtual line VL intersects with a longer side closer to the ordinary region 

15 OR1 in two longer sides of the gate end cap by a length substantially equal to the 
length x. 

The position where the virtual line VL intersects with the gate electrode 
301 may be defined as that where the virtual line VL intersects with the center line 
of the gate electrode 301 or with a longer side closer to the ordinary region OR2 in 
20 two longer sides of the gate electrode 301. 

Fig. 27 shows a part of an active area 10A of a semiconductor device 
actually fabricated on the basis of such design values and a gate electrode 301 
arranged on this active area 10A. Referring to Fig. 27, the active area 10 A has a 
concave part which is not rectangularly shaped. A gate end cap of the gate 
25 electrode 301 is formed to project beyond an intersection between a virtual line VL 
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and the gate electrode 301 by a length substantially equal to a length x, whereby an 
end portion of the gate electrode 301 completely reaches an upper portion of an 
insulating film 7 even if an unnecessary active area exists in the concave part of the 
active area 10A, thereby preventing the gate electrode 301 from partial reduction of 
5 its gate length. Thus, occurrence of current leakage between source/drain regions 
SDA and SDB can be prevented, whereby the function of the MOS transistor can 
be maintained. If no problem arises in the fabrication process and no unnecessary 
region exists in the concave part, a semiconductor device similar to that shown in 
Fig. 26 is obtained, as a matter of course. 

10 <D-4. Modification 2> 

While the ordinary regions OR1 and OR2 are different in depression 
length from each other in the aforementioned semiconductor device according to 
the embodiment 4 of the present invention, the length of a gate end cap may be set 
in the following manner if depression lengths on right and left sides of a concave 

15 part are identical to each other. 

Fig. 28 shows a part of an active area 100 in the layout design phase of a 
modification 2 of the semiconductor device according to the embodiment 4 of the 
present invention and gate electrodes 20 and 30J arranged on this active area 100. 
The active area 100 shown in Fig. 28 is provided with depressed portions having 

20 the same length on right and left sides of a concave part. The gate electrode 30J 
is arranged on a depressed region DR having an edge portion which is located on a 
low position due to the concave part, and the gate electrode 20 is arranged on an 
ordinary region OR1. 

A gate end cap of the gate electrode 30J is so formed as to project beyond 

25 an edge portion of the depressed region DR by a length substantially equal to the 
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length x of a gate end cap of the gate electrode 20 arranged on the ordinary region 
OR1. Even if the concave part is filled up with an unnecessary active area to 
disappear, source/drain regions SDA and SDB provided on both sides of the gate 
electrode 30J are electrically isolated from each other and prevented from shorting 
5 due to the aforementioned structure, whereby the function of the MOS transistor 
can be maintained. 

While the invention has been shown and described in detail, the following 
description is in all aspects illustrative and restrictive. It is therefore understood 
that numerous modifications and variations can be devised without departing from 
10 the scope of the invention. 
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WE CLAIM: 



1. A semiconductor device comprising: 

an active area being provided with at least one MOS transistor; and 
an insulating film defining said active area, wherein 
said active area is set in a shape having a concave part in a shape along a 
plan view, 

said active area is provided with: 
an ordinary region, and 

a depressed region having an edge portion being depressed beyond said 
ordinary region due to presence of said concave part, 
said at least one MOS transistor includes: 

a first MOS transistor being formed on said depressed region, and 

a second MOS transistor being formed on said ordinary region, and 

the length of a margin part of a first gate electrode constructing said first 

MOS transistor is set to be larger than that of a margin part of a second gate 

electrode constructing said second MOS transistor. 

2. The semiconductor device in accordance with claim 1, wherein 
said concave part is formed on a corner portion of said active area, and 
the length of said margin part of said first gate electrode is set at the total 

of the length of said margin part of said second gate electrode and a length being 
equal to a depression length in said concave part. 

3. The semiconductor device in accordance with claim 1, wherein 
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said concave part is formed on a corner portion of said active area, and 
the length of said margin part of said first gate electrode is set at the total 

of: 

the length of said margin part of said second gate electrode, and 
the length of a portion between said edge portion of said depressed region 
and an intersection between a virtual line being set to connect first and second 
convex corner portions of said active area in said concave part and said first gate 
electrode. 

4. The semiconductor device in accordance with claim 1, wherein 

said concave part is a dent part being formed on a portion of said active 
area other than said corner portion, 

said ordinary region is divided into first and second ordinary regions due 
to presence of said dent part, 

an edge portion of said second ordinary region is on a position depressed 
beyond that of said first ordinary region, and 

the length of said margin part of said first gate electrode is set at the total 
of the length of said margin part of said second gate electrode and a length being 
equal to a depression length of said edge portions of said depressed region and said 
second ordinary region. 

5. The semiconductor device in accordance with claim 1, wherein 

said concave part is a dent part being formed on a portion of said active 
area other than said corner portion, 

said ordinary region is divided into first and second ordinary regions due 
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to presence of said dent part, 

an edge portion of said second ordinary region is on a position depressed 
beyond that of said first ordinary region, and 

the length of said margin part of said first gate electrode is set at the total 

5 of: 

the length of said margin part of said second gate electrode, and 
the length of a portion between said edge portion of said depressed region 
and an intersection between a virtual line being set to connect first and second 
convex corner portions of said active area in said concave part and said first gate 
10 electrode. 



6. A semiconductor device comprising: 

an active area being provided with at least one MOS transistor; and 
an insulating film defining said active area, wherein 
15 said active area is set in a shape having a concave part in a shape along a 

plan view, 

said active area is provided with: 
an ordinary region, and 

a depressed region having an edge portion being depressed beyond said 
20 ordinary region due to presence of said concave part, 
said at least one MOS transistor includes: 

a first MOS transistor being formed on said depressed region, and 
a second MOS transistor being formed on said ordinary region, and 
a margin part of a first gate electrode constructing said first MOS 
25 transistor is set in a shape having a bent portion being bent at a prescribed angle to 
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extend in a direction separating from said ordinary region. 

7. The semiconductor device in accordance with claim 6, wherein 
said concave part is formed on a corner portion of said active area, 

5 said prescribed angle is 90-, 

said depressed region includes a first edge portion being perpendicular to 
said first gate electrode and a second edge portion being parallel to said first gate 
electrode, 

said bent portion extends to be substantially in contact with or not in 
10 contact with said first edge portion of said depressed region, and 

the length of said bent portion is so set that its forward end portion 
projects beyond said second edge portion of said depressed region by a distance 
being equal to the length of a margin part of a second gate electrode constructing 
said second MOS transistor. 

15 

8. The semiconductor device in accordance with claim 6, wherein 
said concave part is formed on a corner portion of said active area, 
said prescribed angle is 90 Q , 

said depressed region includes a first edge portion being perpendicular to 
20 said first gate electrode and a second edge portion being parallel to said first gate 
electrode, 

said bent portion extends to be not in contact with said first edge portion 
of said depressed region, and 

the length of said bent portion is so set that its forward end portion 
25 projects beyond an intersect position between a virtual line being set to connect 



41 

first and second convex corner portions of said active area in said concave part and 
said first gate electrode by a distance being equal to the length of a margin part of a 
second gate electrode constructing said second MOS transistor. 

9. The semiconductor device in accordance with claim 6, wherein 
said concave part is formed on a corner portion of said active area, 

said bent portion is bent about an intersect position between a virtual line 
being set to connect first and second convex corner portions of said active area in 
said concave part and said first gate electrode, 

said prescribed angle is smaller than 90-, and 

the length of said bent portion is so set that its forward end portion 
projects beyond said intersect position by a distance being equal to the length of a 
margin part of a second gate electrode constructing said second MOS transistor. 

10. A semiconductor device comprising: 

an active area being provided with at least one MOS transistor; and 
an insulating film defining said active area, wherein 
said active area is set in a shape having a concave part in a shape along a 
plan view, 

said active area is provided with: 
an ordinary region, and 

a depressed region having an edge portion being depressed beyond said 
ordinary region due to presence of said concave part, 
said at least one MOS transistor includes: 

a plurality of MOS transistors being arranged on said depressed region 
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and electrically connected in parallel with each other, and 

respective gate electrodes of said plurality of MOS transistors are 
arranged in parallel with each other and electrically connected in common, 

so that margin parts of at least a gate electrode being located most 
5 approximately to said ordinary region and that adjacent to said gate electrode are 
connected with each other among said respective gate electrodes of said plurality 
of MOS transistors. 

11. The semiconductor device in accordance with claim 10, wherein all 
10 margin parts of said respective gate electrodes of said plurality of MOS transistors 
are connected with each other. 
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ABSTRACT OF THE DISCLOSURE 

An active area (1) is provided with a concave part in its corner portion in 
a shape along a plan view. An insulating film (7) encloses this active area. A 
gate electrode (30) is arranged on a depressed region (DR) having an edge portion 

5 which is located on a low position due to the concave part, while a gate electrode 
(20) is arranged on an ordinary region (OR) having an edge portion projecting 
beyond the depressed region. A gate end cap (margin part) of the gate electrode 
(20) has a length x, while that of the gate electrode (30) has a length x + a. Thus 
provided is a semiconductor device causing no current defect between source/drain 

10 regions even if the active area and an insulating film defining this active area fail to 
satisfy the layout design following refinement of the semiconductor device. 
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As a betow named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 

name is listed below) or an original, first and joint inventor (if 

plural names are listed below) of the subject matter which is 

claimed and for which a patent is sought on the invention 

entitled. 

SEMICONDUCTOR DEVICE 
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the specification of which 
E is attached hereto. 

□ was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 
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(Country) 
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(Application No.) 
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(Application No.) 
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(Filing Date) 
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(Application No.) 
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Jan. 29, 1998 



(Day/Month/Year Filed) 
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Yes 
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I hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Rling Date) 
(UBIB) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Trtle 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

(MR : WffffFRlSF. 

(Status: Patented, Pending, Abandoned) 
(BHR : «rffrfF rISN ffJH*. «*«) 
I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Trtle 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact 
all business in the Patent and Trademark Office 
connected therewith (fist name and registration 
number) 



William L. Mathis 17,337 
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